
May 31, 1960 F. K. H. NALLINGER ETAL 2,938,407 
DIFFERENTIAL TRANSMISSION 

Filed July 1, 1958 

fig-2 
é; 44 50 5” 45 

JIM/enfor 
FRIEDRICH‘ K H- WALL/N65}? 

er 

ATTORNEYS 



United States Patent 
2,938,407 

DIFFERENTIAL TRANSMISSION 

Friedrich K. H. Nallinger and Werner E. Altmann, sum 
gart, Germany, assignors to Daimler-Benz Aktiengesell 
schaft, Stuttgart-Unterturkheim, Germany . 

Filed July 1, 1958, Ser. No. 746,058 
Claims priority, application Germany July 6, 1957 

16 Claims. (Cl. 74-650) 

Our invention relates to a di?erential transmission, 
particularly for motor vehicles, and, more especially, re 
lates to a differential transmission equipped with hydraulic 
means counteracting excessive relative rotation of the 
driven members of the transmission, such as the shafts 
connected to the driven wheels of the motor vehicle. ' 

It is the object of our invention to provide an improved 
differential transmission of this type in which vthe hy 
draulic means counteracting relative rotation of the driven 
members will be ineffective for low relative speeds but 
will be highly effective when the relative speed of the 
driven di?erential members tends to exceed a certain 
comparatively low limit. 

Furthermore it is an object of our invention to provide 
a di?erential transmission of the type indicated which is 
of a simple, compact and rugged structure which lends 
itself to manufacture and assembly at a low cost and is 
subject to a minimum of wear. _ 

Further objects of our invention will appear from a 
detailed description of a preferred embodiment of the 
invention following hereinafter with reference to the 
accompanying drawings. However, we wish it to be 
clearly understood that our invention is in no way limited 
to such details and that the terms and phrases in such 
detailed description have been chosen for the purpose of 
describing and illustrating the invention rather than that 
.Of restricting or limiting same. ’ 

In the accompanying drawings: 
Fig. 1 is a horizontal section taken through our trans’ 

mission; and ' . 

. Fig. 2 is a development of a cylindrical sectional plane 
indicated in Fig. 1 by the dashdotted line marked by the 
arrows 2—2. 1 ' 

. The cup-shaped housing 10 has a substantially cylin 
drical side wall 11 and a substantially plane bottom wall 
12 provided with a central opening 13 surrounded by an 
inner annular rib 14. The cup-shaped housing 10 is 
closed by a dome-shaped cover 15 having a central aper 
ture 16 surrounded by an internal shoulder 17 which is 
coaxially disposed with respect to the rib 14. The side 
wall 11 has an aperture accommodating a bracket mem 
ber 18 which is held in place by the cover 15 and ‘has a 
cylindrical bore 19. The axis of the bore 19 intersects 
the axis 20--20 of the hole 13 at right angles. 
The di?erential transmission encased in the housing 11 

comprises one driving member and a pair of driven mem 
bers and means for mounting such members for relative 
rotation about the common axis 20—20. 
The driving member of the ditferential‘transmission is 

composed of a ring-shaped bevel gear 21 disposed co 
axially with axis 20—-20 and of coaxial cup-shaped ele 
ments 22 and 23 mounted on both sides of the bevel gear 
21 and rigidly connected therewith by a plurality of cir! 
cumferentially distributed bolts 24. 
The member 22 is formed with a cylindrical projection 

25 carrying the inner race 26 of a ball bearing, whereas 
thelouter race 27 thereof is seated on the shoulder 17 of 
the'cover 15 of the housing 10. " ' ' 
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Similarly, the cup-shaped member 23 is formed with 
a cylindrical projection 28 carrying the inner race 29 of 
a ball bearing, whereas the outer race 30 thereof is car 
ried by the annular rib 14 of the housing 10. In this 
manner the driving member 21, 22, 23 is journaled in 
the, housing 10 for rotation about the horizontal axis 
20—-2_0. Rotation is imparted to the driving member 
by abevel pinion 31 which .meshes with the bevel ring 
gear Hand is journalled in the bore 19 coaxially there 
withv by anti-friction bearings not shown carried by the 
bracket member 18. Y » , ~ . 

.One of the driven members of the differential trans? 
mission consists of a shaft 32 and an annular disk 35, 
‘the shaft 32extending into the cup-shaped element ~23 
coaxiallyltherewith and being journalled therein by an 
anti-friction bearing 33 mounted on aninternal seating 
face 34 of the member 23 and on the shaft 32.~ The 
annular disk 35 is rigidly connected to, for instance 
press-?ttedon, the .inner'end of shaft 32. 

Theother» driven member of the differential transmis 
sion consists of a shaft 36 and of an annular disk 37, the 
shaft 36 extendinginto'the cup-shaped member 22 and 
being vjournalled therein by an anti-friction bearing 38 
mounted on an internal seating face 39 of the member 
22 ‘and on the shaft» 36. The annular disk 37 is rigidly 
connected to, ,for instance press-?tted on, the inner end 
of shaftf36. 
The annular disks 35 and 37 each forming part ‘of. 

one of the driven members of the differential transmis 
sion have cylindrical peripheral faces of equal diameters 
and. opposed plane end faces. The circular edges formed 
by such end faces with the peripheral faces are cham'fered 
as shown in, Fig. 1 at 40 and 41. The chamfersv40 and 
41 constitute undulated cam faces similar to those which 
will be described ‘hereinafter. with reference to Fig. 2. 
These cam faces cooperate with a plurality of spherical 
followers 42 which are maintained in position for co 
operation with the cam faces v40, 41 by a'cage formed 
by the driving member 21. For this purpose, the inner 
periphery of the annular drive member 21 is provided 
with channel-shaped recesses 43 having an arc-shaped 
pro?le, each recess accommodating the upper portion of 
one spherical follower 42, whereas the lower portion 
thereof engages the undulated cam faces 40 and 41. 

Relative rotation of the driven members and the con 
sequent relativecircumferential displacement of the cam 
faces 40 and 41 causes the followers 42 to reciprocate in 
a direction extending parallel to the axis 20—20 between 
an extreme right-hand positionshown in Fig. l in which 
the follower 42 enters the cup-shaped member .23 and an 
extreme‘left-hand position in which it enters thereup 
shaped member 22.- Irrespective of Whether or not the 
driven members of the transmission perform a relative 
rotation, a driving couple can-be transferred in either 
direction of rotation from the driving member 21 to the 
followers 42 and by the latter to the driven members of 
the transmission, ‘as the side. faces of the recesses 43 will 
exert a circumferential force upon the followers 42 and 
the latter will exert a similar circumferential force upon 
the slanting portions of the undulated cam faces 40 and 
41. In this manner, a driving couple may be transferred 
from the ‘drive member 21 to the driven shafts 32 and 36 
leaving such driven shafts freedom for relative angular 
displacement in ‘either direction about theaxis 20-20.v I 
For the purpose of producing a dash-pot effect counter 

acting such relative angular displacement, we have ad 
rlltionally provided dash-pot means to be described 
hereinafter. . v v i Q ' 

One of the three relatively rotatable members‘21 and 
32, 35 and 36, 37 is provided with two series of cavities 
?lled with a liquid, while another one of the three mem-.: 
bers carries piston elements with it for alternate engage 
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r'nent with the two series of cavities in response to the 
relative rotation of the member's. When the piston ele 
ments enter the cavities, they will displace the liquid en 
closed therein, thus producing a dash-pot effect which is 
negligible as long as the relative rotary displacement of 
the driven members has a lowspeed, such as occurs in an 
automobile driven in a curve, but becomes powerful so as 
to effectively block the relative rotation of the driven 
shafts 32 and 36 when the'speed of such rotation exceeds 
normal limits as will occur in an automobile when one of 
the driven Wheels slips on ice or snow and starts spinning. V 

In the embodiment illustrated in Fig. 1 it is the driven 
member 32, 35 which is provided with the cavities ?lled 
with a liquid, whereas the driving member 21_ is the one 
which carries the piston elements. Shaft 32 is formed 
with an integral ?ange 44 adjacent the bearing 33 having 
a plane end face 45 disposed in opposed parallel relation 
ship to the end face 46 of the annular disk 35.v sup 
porting means formed by an annular member 47 are dis 
posed between the faces 45 and 46 in contact therewith 
and is mounted for common rotation with the driving 
member 21 owing to the engagement of internal teeth ‘of 
the cup-shaped element 23 with external teeth of the sup 
porting member 47. This member is provided with an 
annular series of cylindrical bores 48, each bore accom 
modating a piston element which, in the embodiment 
shown, is formed by a ball 49. Each of the faces 45 and 
46 is provided with a series of cavities 50, or 51 respec 
tively, which have an arcuate radial sectional pro?le, 
whereas their circumferential sectional pro?le is formed 
by arcs of a larger radius than that of the balls 49, as 
will appear from Fig. 2. The axial width of the support 
ing member 47 is about two thirds of the diameter of the 
balls 49. ' 

Each of the cavities 50 and 51 is sealed by the plane 
side walls of the interposed supporting member 47 except 
for the bores 48 which establish a communication be 
tween the opposed cavities 50 and 51, such communica 
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tion, however, being restricted by the balls '49 which are ' 
?tted in the bores 48 with a very small clearance. The 
recesses 50 are circumferentially displaced with respect 
to the recesses 51 so that a ball 49 engaging a recess" 50 
in the center thereof will be seated on the plane side face 
46 of the annular disk 35, whereas a ball 49 entering a 
cavity 51 in the center thereof will be seated upon the 
plane side face 45 of_ the ?ange 44. Preferably, the 
number of the bores 48 and the balls’ 49 accommodated 
thereby is so chosen with respect to the numbers of the 
cavities or recesses 50, 51 that some of the balls will 
enter the recesses 50 while other balls enter the recesses 
51. 
Any relative rotation between the differential trans 

mission‘ member 21, 22,’ 23 and the differential transmis 
sion member 32, 35, 44 causes the supporting member 47 
to be turned between the two opposed faces 45 and 46 and 
the cavities 50 and 51 provided therein causing each ball 
49 to alternately engage the cavities 50 and 51 and to 
forcibly displace the liquid, such as oil, contained therein 
through the clearance between the walls‘ of bore 48 and 
the ball 49. This causes a dash-‘pot effect which progresses 
as the relative speed of the differential transmission mem 
bers increases. ' ‘ 

Preferably, the circumferential 'sectional' pro?les of 
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the cavities 50, 51, as shown in Fig. 2, are so chosen as . 
to constitute substantially equidistant curves ‘accommo 
dating the ‘balls 49 between them with a minimum of 
clearance. The circumferential face of ?ange 44 is 
slightly conical and, under the pressure exerted by the 
followers 42 upon the cam faces 40 may engage an in 
ternal conical friction face 53 provided on the cup-shaped 
element 23 of the driving member. 
From the foregoing it will appear that the operation 

of our‘ improved di?erential transmission is‘ as follows: 
Under normal conditions of operation when the driven 

shafts 32 and ‘36 are subjected to more or less equal 
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4 
loads, the friction occurring between the followers 42, 
the side walls of the recesses 43 and the cam faces‘ 40 
and 41 reinforced by the friction between the ?ange 44 
and the friction face 53 will tend to lock the driven mem 
bers of the differential transmisson against relative rotary 
displacement so that the shafts 32 and 36 are driven at 
equal rotary velocities. The friction, however, will be 
overcome when the difference between the loads imposed 
on the driven shafts 32 and 36 exceeds a certain limit. 
In that event, one of the undulated cam faces, 40, 41 will 
displace the spherical followers 42 in the grooves or re 
cesses 43 causing the followers to act on the opposite 
undulated cam face to thereby produce a relative rotation 
of the annular disks, 35 and 37. _ As soon as the speed 
of this angular displacement exceeds a certain limit, as 
may happen in an automobile,-for instance, when one of 
the wheels is slipping, a relative rotation occurs between 
the. supporting member 47 and the opposed faces 45 and 
46. Asia result, the balls 49 will bereciprocated in the 
bores '48 of the supporting member to alternately en 
gage the cavities 50 of the one series and the cavities 51 
of the other series displacing the liquid from the cavities 
and ‘forcing it to flow into the opposite cavities through 
the restricted clearance spaces in the bores 48. Conse 
quently, a dash-pot effect is produced which counteracts 
the relative rotation of the differential transmission meme 
bers. By suitably selecting the clearance of the balls 49 
in the bores 48 and the clearance between the side faces 
45 and 46 and the supporting member 47 the dash-pot 
effect may be so chosen as to become elfective at any 
desired relative rotation of the di?erential transmission 
members. 7 

The faces 45 and 46 constitute coaxially disposed 
spaced surfaces of revolution, each of which is provided 
with an annular series of recesses 50, or 51 respectively. 
These surfaces 45 and 46 of revolution need not be neces+ 
sarily plane so as to extend perpendicularly to the axis 
20—-20. v 

Preferably the number of the recesses 50, or 51 respec 
tively, differs from the number of the piston members 49. 

While the invention has been described in connection 
with a preferred embodiment thereof, it will be under 
stood that. it is capable of further modi?cation, and this 
application is intended to cover any variations, uses, or 
adaptations of the invention following, in general, the 
principles of the invention and including such departures 
from'the present disclosure as come Within known or cus 
tomary practice in the art to which the invention per= 
tame, and, as fall within the scope of the invention or the 
limits of the appended claims. ‘ ' 
What we claim is: 
1. Differential transmission comprising a pair vof driven 

members each providedwith an undnlated cam face,’ a 
plurality of followers, a driving ‘member forming a cage 
for said followers maintaining same in position for co-' 
operation with said cam faces, means for mounting all 
of said members for relative rotation vabout a common 
axis, at least one of said driven ‘members being provided 
with two series of cavities ?lled with a liquid,,a support 
ing means operatively connected with said driving mem-_ 
ber including piston elementslmo'vably‘mou'nted in's'aid 
supporting means between said series of ‘cavities for ale 
ternate engagement therewith in response to said relative 
rotation between all said members so as to counteract 
the same. . v 

2. Differential transmission comprising a pair. of driven 
members'each provided withyan. undulated cam face, 
a plurality of followers, a driving member forming a cage 
for said followers maintaining same in position for co‘ 
operation with said cam faces, means for mounting all 
of said members for relative rotation about a common 
axis, at least‘one of said driven members beingv provided 
with two series of ‘cavities ?lled with a liquid, asupport 
ing ‘member comprising an annular disk‘interposc‘d be} 
tween said two'series of cavities and mounted on said 
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driving member for common rotation therewith and pro 
vided with bores connecting the cavities of one of said 
series with the cavities of the other one of said series 
and piston elements movably mounted in said bores and 
projecting therefrom for alternate engagement with said 
cavities in response to said relative rotation between all 
said members so as to counteract the same. 

3. Differential transmission comprising a pair of driven 
members each provided with an undulated cam face, a 
plurality of followers, a driving member forming a cage 
for said followers maintaining same in position for co 
operation with said cam faces, means for mounting all 
of said members for relative rotation about a common 
axis, one of said driven members being provided with 
a pair of opposed faces surrounding said axis, each face 
being provided with an annular series of cavities ?lled 
with a liquid, supporting. means mounted for common 
rotation with said driving member and disposed between 
said faces, and piston elements movably mounted on said 
supporting means between said series of cavities for al 
ternate engagement therewith in response to said relative 
rotation between all said members so as to counteract I 
thesame. 

4. In a differential transmission, the combination com 
prising one driving member and a pair of driven mem 
bers, means for mounting all of said members for rela 
tive rotation about a common axis, one of said driven 
members being provided with a pair of opposed faces 
surrounding said axis, each of said faces being provided 
with an annular series of cavities ?lled with oil, the cavi 
ties of one of said series being circumferentially dis 
placed relative to the cavities of the other one of said 
series, a supporting member mounted for common rota 
tion with said driving member and disposed between said 
faces, an annular series of bores in said supporting mem 
‘ber in registry with said series of cavities, and piston ele 
ments slidingly mounted in said bores and projecting 
from said supporting member for alternate engagement 
with said series of cavities in response to said relative 
rotation between all said members so as to counteract the 
same. 

5. The combination claimed in claim 4 in which said 
piston elements are formed by balls. 

6. In a differential transmission the combination com 
prising a pair of driven members, a driving member, 
means for mounting all of said members for relative 
rotation about a common axis, one of said driven mem 
bers being provided with a pair of coaxially disposed 
spaced surfaces of revolution, each of said surfaces being 
provided with an annular series of recesses, the recesses 
of one of said series being circumferentially displaced 
relative to the recesses of the other one of said series, a 
supporting element mounted for common rotation with 
driving member and disposed between said surfaces for 
covering said recesses and provided with an annular series 
of bores connecting the recesses of one of said series with 
the recesses of the other one of said series, piston members 
in said bores projecting therefrom for alternate engage 
ment with the recesses of said series in response to said 
relative rotation, said recesses being ?lled with a liquid 
causing said pistons to counteract said relative rotation. 

7. In a differential transmission the combination com 
prising a driving member, a pair of driven members, 
means for mounting all of said members for relative 
rotation about a common axis, and dash-pot means for 
counteracting said relative rotation, said dash-pot means 
comprising an annular series of piston elements, a sup 
porting element mounted for common rotation with said 
driving member and movably accommodating said piston 
elements, one of said driven members being provided with 
a pair of coaxially disposed, spaced, opposed surfaces of 
revolution formed with registering annular series of 
recesses, the recesses in one of said surfaces being cir 
cumferentially displaced with respect to the recesses in 
the other one of said surfaces, said supporting element 
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6 
being disposed between said surfaces with said piston 
elements projecting therefrom for alternate engagement 
with said recesses and a liquid ?lling said recesses. 

8. The combination claimed in claim 7 in which said 
surfaces of revolution are plane faces extending perpen 
dicularly to said axis. 

9. Differential transmission comprising a pair of driven 
members, each provided with an undulated cam face, a 
plurality of followers, a driving member forming a cage 
for said followers maintaining same in position for co 
operation with said cam faces, means for mounting all of 
said members for relative rotation about a common- axis, 
one of said driven members being provided with a pair of 
coaxially disposed, spaced, opposed faces, each face of 
being provided with an annular series of recesses ?lled 
with a liquid, a supporting element mounted for common 
rotation with said driving member and disposed between 
said faces and provided with an annular series of bores 
connecting the recesses of one of said series with the 
recesses of the other one of said series, and piston mem 
bers in said bores projecting from said supporting element 
for alternate engagement with the recesses of said series 
in response to said relative rotation between all said 
members so as to counteract the same. 

10. Differential transmittion as claimed in claim 9 in 
which the number of said recesses in each of said series 
differs from the number of said piston members. , 

l1. Differential transmission comprising a pair of driv 
en members each provided with an undulated cam face, 
a plurality of followers, an essentially hollow driving 
member surrounding said driven members and forming 
a cage for said followers maintaining the same in position 
for cooperation with said cam faces, means for mounting 
all of said members for relative rotation about a common 
axis, at least one of said driven members being provided 
with two series of cavities ?lled with a liquid, and support 
ing means operatively connected with said driving mem 
ber including piston elements movably mounted in said 
supporting means between said series of cavities for alter 
nate engagement therewith in response to said relative 
rotation between all said members so as to counteract 
the same. 

12. In a differential transmission, the combination com 
prising one essentially hollow driving member and a pair 
of driven members disposed within said hollow driving 
member, means for mounting all of said members for 
relative rotation about a common axis, one of said driven 
members being provided with a pair of opposed faces sur 
rounding said axis, each of said faces being provided with 
an annular series of cavities ?lled with oil, the cavities of 
one of said series being circumferentially displaced rela 
tive to the cavities of the other one of said series, a sup 
porting member mounted for common rotation with said 
driving member and disposed between said faces, an an 
nular series of bores in said supporting member in regis 
try with said series of cavities, and piston elements slid 
ingly mounted in said bores and projecting from said sup— 
porting member for alternate engagement with said series 
of cavities in response to said relative rotation between all 
said members so as to counteract the same. 

13. A differential transmission comprising a housing, 
a pair of driven members, a driving member, means 
rotatably supporting said driving and driven members in 
said housing, and means operatively connecting said driv 
ing member with said driven members including mechani 
cal frictional torque transmitting means normally fric 
tionally connecting said driving member with both said 
driven members and enabling relative movement between 
said driven members only upon the occurrence of a 
difference of loads on said driven members in excess of 
a predetermined amount, and dash-pot type hydraulic 
locking means operatively connected between two of 
said members and becoming operative only with said two 
members exceeding a predetermined rotational speed to 
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assist said mechanical means in the transmission of 
torque. _ 

14. A differential transmission comprising a housing, 
.a pair‘of driven ‘members, a driving member, means 
rotatably supporting said driving and driven members in 
said housing, and means operatively connecting said 
driving member with said driven members including me 
chanical fricitional torque transmitting means normally 
lockingly ‘connecting said driving member with both said 
driven members and enabling relative movement between 
said driven members only upon the occurrence of a dif 
ferencevof loads on said driven members in excess of a 
predetermined amount, and hydraulic locking means ‘op 
eratively connected between two of said members and 
becoming operative only with said two members exceed 
ing a predetermined rotational speed to assist said me 
chanical means in the transmission of torque, said hy 
draulic locking means including means constituting a 
double-acting dash-pot structure effective in either di 
rection of relative rotation between said two members. 

15. A diiferential transmission comprising a housing, 
a pair of driven members, a driving member, means 
rotatably supporting said driving andpdriven members in 
said housing, and means operatively connecting said driv 
ing member with said driven members including me 
chanical frictional torque transmitting means normally 
lockingly connecting said driving member with both said 
driven members and enabling relative movement between 
said driven members only upon the occurrence of a dif 
'ference of loads on said driven members in excess of a 
predetermined amount, and hydraulic locking means op 
eratively connected between two of said members and 
becoming operative only with said two members exceed 
ing a predetermined rotational speed to assist said me 
chanical means in the transmission of torque, said hy 
draulic locking means including throttling means throttling 
the ?ow of the hydraulic medium and constituting a 
double-acting dash-pot effective in either direction of 
relative rotation between said two members with said two 
members exceeding said predetermined relative speed. 
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16. A self-locking differential transmission comprising 
a housing, a pair of driven members, a driving member, 
means rotatably supporting said driving and driven mem: 
bers in said housing, and means operatively connecting 
said driving member with said driven members including 
mechanical torque transmitting means having cam sur 
face means and follower means inoperative engagement 
with said cam surface means normally self-lockingly con 
nccting said driving member with both said driven mem- 1 
bers and enabling relative movement between said driven 
members only upon the occurrence of a ditterence of 
loads on said driven members in excess of a predeter 
mined amount, and hydraulic locking means forming'a 
double-acting dash-pot eifective in either direction of rel 
ative rotation and operatively connected between two of 
said members to become operative only with said two 
members exceeding a predetermined rotational speed to 
assist said mechanical torque transmitting means in the 
transmission of torque, said hydraulic locking means in 
cluding means constituting ?uid chambers in each of said 
two members containing a hydraulic medium and inter 
connected by communicating passages, and throttling 
means in said passages and effectively throttling the ?ow 
of said medium between said chambers with said two 
members exceeding said predetermined speed to thereby 
effectively assist said mechanical means in the transmis 
sion of torque. - 
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